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[57] ABSTRACT

A tert-hydrocarbyl, e.g. tert-butyl, silyl compound can
be synthesized easily according to the method of the
invention in which a tert-hydrocarbylmagnesium halide
as a Grignard reagent is reacted with a silane compound
having at least one silicon-bonded hydrogen atom and
at least one silicon-bonded halogen atom simultaneously
in a2 molecule in a suitable organic solvent so that the
halogen atom in the latter reactant is replaced with the
tert-hydrocarbyl group in the former reactant to give

the desired tert-hydrocarbyl silyl compound in 2 high

yield without the safety problem in the conventional
method using a tert-alkyl lithium as the reactant.

3 Claims, No Drawings
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METHOD FOR THE PREPARATION OF A
TERT-HYDROCARBYL SILYL COMPOUND

BACKGROUND OF THE INVENTION

The present invention relates to a method for the
preparation of a tert-hydrocarbyl silyl or a tert-alkyl
silyl compound or, more particularly, to a method for
introducing a tert-hydrocarbyl group directly bonded
to a silicon atom in an organosilicon compound.

As a method for introducing a silicon-bonded tert-
hydrocarbyl group into an organosilicon compound, a
method is known in the prior art in which a tert-alkyl
lithium is used (see, for example, Journal of Organic

d
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Chemistry, volume 43, page 3649, 1978 and Journal of 15

the American Chemical Society, volume 76, page 1030,
1954). This method, however, is practically not applica-
ble to the industrial production of such an organosilicon
compound due to several disadvantages and problems
that the tert-alkyl lithium is prepared in a process In
which metallic lithium having a very high melting point
of 190° C. must be finely divided in a molten state into
a fine particulate form having a particle diameter of a
few um using a special apparatus while utmost care 1s
essential in order to avoid any danger caused by the
highly active metallic lithium and tert-alkyl lithiums
may spontaneously catch fire when contacted with the
atmospheric air so that handling of a large amount
thereof is always accompanied by a great danger.

A general method for introducing a hydrocarbyl
group into a silicon compound is the utilization of a
Grignard reagent but this method is not applicable
when the silicon compound to be reacted with the
Grignard reagent is silicon tetrachloride, ethyl orthosil-
icate or an organosilane compound such as trimethyl
chlorosilane so that no tert-hydrocarbyl-substituted
silyl compound can be obtained from these silicon com-
pounds (see, for example, Journal of the American
Chemical Society, volume 70, page 2876, 19438).

SUMMARY OF THE INVENTION

An object of the present invention is therefore to
provide an industrially advantageous method for the
preparation of a tert-hydrocarbyl silyl compound or for
introducing a silicon-bonded tert-hydrocarbyl group
into a silicon compound.

Thus, the method of the present invention completed
with the above described object comprises reacting a
Grignard reagent represented by the general formula
RIMgX, in which Rlis a tert-hydrocarbyl or, in partic-
ular, tert-alkyl group and X is a halogen atom, and a
silane compound represented by the general formula
X,.R2,SiH4_ m-n, in which R2 is a monovalent hydro-
carbon group, X is a halogen atom, m1s 1,2or 3 and n
is zero, 1 or 2 with the proviso that m-+n does not
exceed 3, in an organic solvent.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The above described method of the present invention
has been completed on the basis of a new discovery that
the desired reaction of introducing a tert-hydrocarbyl
group into a silicon compound by use of a Grignard
reagent can proceed satisfactorily only when a Grign-
ard reagent having a tert-hydrocarbyl or tert-alkyl
group is reacted with a silicon compound having at least
one silicon-bonded hydrogen atom and at least one
silicon-bonded halogen atom simultaneously in a mole-

20

25

30

35

45

>0

55

65

2

cule so that the tert-hydrocarbyl group of the Grignard
reagent is readily substituted for the halogen atom in the
silicon compound to give the desired tert-hydrocarbyl
silyl compound. The present invention is also a result of
the extensive studies for the types of the Grignard rea-
gent and the silicon compound as well as the conditions
for the reaction including various parameters such as
the kind of the organic solvent as the reaction medium,
reaction temperature, etc.

The Grignard reagent used in the method of the pres-
ent invention is represented by the general formula
RIMgX, in which Rlis a tert-alkyl or tert-aralkyl group
such as tert-butyl, 1,1-dimethylpropyl, 1,1-diethylpro-
pyl, 1,1-dimethylbenzyl and the like groups and X is a
halogen atom which may be a chlorine atom or a bro-
mine atom. Particular examples of the Grignard reagent
include tert-butylmagnesium chioride, 1,1-dimethyl-
propylmagnesium chloride, 1,1-diethylpropyimag-
nesium chloride, 1,1-dimethylbenzylmagnesium chlo-
ride and the like.

The silicon compound to be reacted with the above
described Grignard reagent is a silane compound repre-
sented by the general formula X,,R2,SiH4_p,—,, in
which R2 is a monovalent hydrocarbon group selected
from the class consisting of alkyl groups such as methyl,
ethyl and propyl groups, alkenyl groups such as vinyl
and allyl groups and aryl groups such as phenyl group
as well as those substituted groups obtained by the re-
placement of all or a part of the hydrogen atoms in the
above named hydrocarbon groups with substituents
such as halogen atoms and the like and X is a halogen
atom which may be a chlorine atom or a bromine atom.
The suffixes m and n are each an integer of 1, 2 or 3 and
zero, 1 or 2, respectively, with the proviso that m--n
does not exceed 3. Particular examples of the silicon
compound included trichlorosilane, methyl dischlorosi-
lane, ethyl dichlorosilane, phenyl dichlorosilane, chlo-
romethyl dichlorosilane and the like.

The step preceding the method of the present inven-
tion is the preparation of the Grignard reagent which
can readily be obtained by the reaction of metallic mag-
nesium and a tert-hydrocarbyl halide of the formuia
R!X, in which R!and X each have the same meaning as -
defined above, in a suitable organic solvent. The reac-
tion of the thus prepared Grignard reagent with the
silicon compound proceeds according to the following
reaction equation:

RIMegX+X,nR%pSiH4 — i — r—Xm— 1RIR?
nSiHa _p— n+MgXo.

This reaction is performed in an inert organic solvent as
the reaction medium and a solvent suitable for the pur-
pose is exemplified by ether solvents such as diethyl
ether, tetrahydrofuran and the like, phosphoramide
solvents such as hexamethylphosphoryl triamide and

aromatic hydrocarbon solvents such as benzene and

toluene. It is optional to use these solvents as a mixture
of two kinds or more according to need.

The reaction of the inventive method is performed at
a temperature in the range from 10° to 150° C. or, prei-
erably, from 40° to 100° C. in an atmosphere of an inert
gas such as nitrogen and arogen because even a trace
amount of oxygen in the atmosphere may react with the
Grignard reagent to cause a decrease in the yield of the
desired reaction product. .

The method of the present invention provides a possi-
bility of advantageously obtaining the desired tert-
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hydrocarbyl silyl compound in a high yield without any

problem of safety even by using no special apparatus. In
addition to the good convertibility into a tert-hydrocar-
byl dialkyl halosilane and other organosilicon com-
pounds useful as an intermediate of various organosili-
con products, the tert-hydrocarbyl silyl compound ob-
tained by the inventive method has an applicability as a
special silylating agent useful in the synthesis of ste-
roids, prostaglandins and other physiologically active
compounds by virtue of the high steric selectivity and
higher chemical stability than those of the trimethylsilyl
ether type due to the presence of a bulky tert-hydrocar-
byl group.

In the following, the method of the present invention
1s described in more detail by way of examples followed
by a description of an application of the compound
obtained by the inventive method. |

EXAMPLE 1

Into a flask of 500 ml capacity were introduced 12 g
(0.5 mole) of metallic magnesium, 300 ml of tetrahydro-
furan and a bit of iodine and then 46.3 g (0.5 mole) of
tert-butyl chloride were added dropwise into the reac-
tion mixture in the flask kept at a temperature of 40° to
50° C. under a stream of nitrogen gas over a period of 1
hour followed by further continued agitation of the
mixture at 355° C. for additional 1 hour to give tert-
butylmagnesium chloride as the Grignard reagent.

Thereatfter, 57.5 g (0.5 mole) of methyl dichlorosilane
were added dropwise into the Grignard mixture in the
flask kept at a temperature of 66° C. over a period of 1
hour followed by further continued agitation of the
mixture at the same temperature for additional 3 hours
to compiete the reaction. During this period, a white
crystalline material precipitated in the mixture. The
reaction mixture after completion of the reaction was
filtrated with suction and the filtrate was subjected to
distillation. The fraction collected in the temperature
range from 85° to 95° C. contained 47.8 g of tert-butyl
methyl chlorosilane corresponding to a yield of 70%
based on the calculated amount of the product.

EXAMPLE 2

Into a flasx of 500 ml capacity were introduced 12 g
(0.5 mole) of metallic magnesium, 100 ml of tetrahydro-
furan, 250 ml of toluene and a bit of iodine and then 53.3
g (0.5 mole) of 1,1-dimethylpropyl chloride were added
dropwise into the reaction mixture in the flask kept at a
temperature of 40° to 50° C. under a stream of nitrogen
gas over a period of 1 hour followed by further contin-
ued agitation of the mixture at 60° C. for additional 1
hour to give 1,1-dimethylpropylmagnesium chloride as
the Grignard reagent.

Thereafter, 47.3 g (0.5 mole) of dimethyl chlorosilane
were added dropwise into the Grignard mixture in the
flask kept at a temperature of 80° C. over a period of 1
hour followed by further continued agitation of the
mixture kept at 90° C. for additional 4 hours. After
cooling, the reaction mixture was poured into 300 ml of
water and the organic solution taken by phase separa-
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tion was distilled to give 23.4 g of 1,1-dimethylpropyl
dimethyl silane corresponding to a yield of 36% based
on the calculated amount.

APPLICATION EXAMPLE
Into a flask of 500 ml capacity were introduced 12 g

(0.5 mole) of metallic magnesium, 150 ml of tetrahydro-

furan and a bit of iodine and then 30.3 g (0.6 mole) of
methyl chloride were blown into the reaction mixture in
the flask kept at a temperature of 40° to 50° C. under an
atmosphere of nitrogen gas over a period of 2 hours
followed by further continued agitation of the mixture
kept at 55° C. for additional 1 hour to give methylmag-
nesium chloride as the Grignard reagent.

Thereafter, 47.8 g of tert-butyl methyl chlorosilane
prepared in Example 1 were added dropwise into the
Grignard mixture in the flask kept at a temperature of
20° to 30° C. followed by further continued agitation of
the mixture at 40° C. for additional 1 hour to complete
the reaction. Then, the reaction mixture was cooled and
poured into 300 ml of water and the organic solution
taken by phase separation was distilled to give 40 g of
tert-butyl dimethyl silane in a yield of 98.5% based on
the calculated amount. -

In the next place, 40 g of the thus prepared tert-butyl
dimethyl silane and 100 g of carbon tetrachloride were
introduced into a flask of 300 ml capacity and then 25.7
g of chlorine gas were introduced into the reaction
mixture in the flask kept at a temperature of 20° to 30°
C. over a period of 3 hours. Then, nitrogen gas bubbled
into the reaction mixture for 2 hours to expel the chio-
rine and hydrogen chloride dissoived in the mixture
followed by distillation thereof. The fraction collected
in the temperature range of 128° to 138° C. in this distil-
lation contained 44.1 g of tert-butyl dimethyl chlorosi-
lane corresponding to a yield of 85% based on the cal-
culated value. This silane compound is known to be
useful as a special silylating agent.

We claim:

1. A method for the preparation of a tert-hydrocarbyl
silyl compound having at least one hydrogen atom di-
rectly bonded to the silicon atom which comprises re-
acting a (Grignard reagent represented by the general
formula RIMgX, in which R! is a tert-hydrocarbyl
group and X is a halogen atom, and a silane compound
represented by the general formula X,,R2,SiH4_m—n,
in which R?is a monovalent hydrocarbon group, X is a
halogen atom, mis 1, 2 or 3 and n is zero, 1 or 2 with the
proviso that m-+-n does not exceed 3, in an organic
solvent.

2. The method as claimed in claim 1 wherein the
reaction of the Grignard reagent and the silane com-
pound is performed at a temperature in the range from
10° to 150° C.

3. The method as claimed in claim 1 wherein the
organic solvent 1s selected from the class consisting of
ether solvents, phosphoramide solvents and aromatic

hydrocarbon solvents.
* % % % %
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